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We report on the result of some investigations concerning the radiative decays of decuplet baryons 
and the non-leptonic weak decays of the octet baryons in the context of topological chiral soliton 
models. Our results are compared with those of alternative baryon models. For the radiative decays 
we find that the predictions are similar to those of quark models. In the case of the non-leptonic 
weak decays, we find that although the predicted S'-wave amplitudes are in rather good agreement 
with the observed values, the model is not able to reproduce the empirical P-wave amplitudes. Thus, 
in contrast to previous expectations, the Skyrme model does not seem to provide a solution to the 
long-standing 'S'-wave/P-wave puzzle'. 



I. INTRODUCTION 



> : 

Q During the last fifteen years it has become clear that the applicability of the Skyrme's topological soliton model for 

baryon structure 0] goes beyond all the original expectations. Indeed, this model provides a very useful framework 
\ to investigate not only the structure of non-strange baryons and their interactions ||^, but of strange hyperons as 
i well. In this type of models, baryons emerge as soliton configurations of the pseudoscalar mesons. The corresponding 
' non-linear chiral action describes the main features of QCD at low energies. When the model is extended to the 
, strange sector, and in order to account for the non-negligible strange quark mass, appropriate chiral symmetry 
^ ' breaking terms have to be included. One can treat the resulting effective action by starting from a flavor symmetric 
CO , formulation wherein non-vanishing kaon fields arise from a rigid rotation of the classical pion field. The associated 
' collective coordinates, which parametrize these large amplitude fluctuations off the soliton, are canonically quantized 
\l " to generate states which possess the quantum numbers of physical hyperons. It turns out that the resulting collective 
Hamiltonian can be diagonalized exactly even in the presence of flavor symmetry breaking |^ . This approach leads to 
a good description of the hyperon spectra, magnetic moments, etc (for a review see Ref. Q). Consequently, it provides 
Qv^ : an alternative and interesting scheme to investigate other various hyperon properties. In the present contribution we 
will concentrate on the application of the model to the study of the electromagnetic decays of the decuplet baryons 
and of the non-leptonic weak decays of the octet hyperons. 

The study of the decuplet baryon radiative decays is of great interest at the present time due to the upcoming 
CIhI experiments at JLAB |^. In fact, although recently the reaction A Nj has carefully been analyzed at MAMI, 
^ ■ the decay parameters are still unknown for those J = | to J = ^ transitions which involve strange baryons. The 
experiments at JLAB are expected to provide some data on these radiative decays soon and thus give more insight 
in the pattern of flavor symmetry breaking. Theoretical studies of these decays have been performed in a number of 
quark-based models like i.e. the non-relativistic quark model 1^,0, a quenched lattice calculation etc. Here, we 
report the corresponding results in the Skyrme model. On the other hand, the non-leptonic weak decays of hyperons 
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d ' represent a long-standing problem in hadron physics. For example, although quark models with QCD enhancement 
factors have been quite successful in predicting 5- wave decay amplitudes (see Ref. 1^ and references therein), they 
have serious difhculties in reproducing the empirical P-wave amplitudes. Indeed, this is a problem (so-called "5*- 
wave/P-wave puzzle") which seems to be common to other approaches as e.g. heavy baryon chiral perturbation 
theory |9| . Within the context of the topological soliton models a possible solution to this problem has been suggested 
rather long ago jl^]. It was shown that in the Skyrme model, in addition to the standard pole terms, the P-wave 
amplitudes receive extra contributions from contact terms. Unfortunately, at the time this suggestion was made the 
model was hampered by several serious problems, like e.g. very poor predictions for the hyperon spectrum ||ll[, far 
too small results for the 5'-wave non-leptonic decay amplitudes etc. Consequently, it was hard to draw definite 

conclusions about the real relevance of such contact terms. As mentioned above the introduction of a more refined 
version of the model has led to the solution of such problems. In fact, it has been recently shown that the correct 
S-wsve absolute values can be naturally obtained within such scheme. Thus, we are now in position to verify whether 
chiral soliton models can provide a unified and consistent description of the hyperon non-leptonic decays. The strategy 
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is to use an effective chiral lagrangian to describe the weak interactions. Assuming that the corresponding low energy 
constants are fixed to describe the known K meson decay amphtudes, the hyperon weak matrix elements are then 
evaluated using the topological soliton model wave functions. 

The rest of this contribution is organized as follows. In Sec. 2 we give a brief description of the collective coordinate 
approach to the SU (3) Skyrme model. In Sec. 3 we present our predictions concerning the radiative decays of the 
decuplet baryons within this approach. In Sec. 4 we describe how to evaluate the non-lcptonic hyperon decays and 
give our results for the S'-wave and P-wave decay amplitudes. Finally in Sec. 5 some conclusions are given. 



II. THE MODEL 



As mentioned in the Introduction, in the Skyrme model baryons appear as topological excitations of a chiral effective 
action which depends only on meson fields. In the present work, the following effective action is used 



T = TsK + Twz + TsB , (1) 



where T sk is the Skyrme action 



TsK - j d^x I^Tr [9^t/(a^C/)t] + ^Tr [[U^d^U, U^d^Uf] | . (2) 

Here, e is the dimensionless Skyrme parameter. Furthermore the chiral field U is the non-linear realization of the 
pseudoscalar octet. Twz is the Wess-Zumino action 



■ j d^x e'^'^P"^ TT[L^L,LpL,Lr] , (3) 



2407r2 

where = U'^d^U and Nc = 3 is the number of colors. Finally, Vsb represents the symmetry breaking terms 
TsB = j rf4^| />' +2/^"^^ Tr [C/ + C/t _ 2] + v^ ^'""' ~ ^^""^ Tr [Ag [U + U^)] 

"(1 - VsAg) (t/(a^c/)ta^f/ + (7ta^c/(9''[/)t)l 1 . (4) 
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Here, Jk is the kaon decay constant while m^r and mn are the pion and kaon masses, respectively. In all our numerical 
calculations below we will take e — A and the rest of the parameters appearing in F to their empirical values. 

In the soliton picture we are using the strong interaction properties of the low-lying and ^ baryons are 
computed following the standard SU{3) collective coordinate approach to the Skyrme model. We introduce the 

ansatz 

Uo{r,t)=Ait) ^^osFir)+^r■f sinF^ ^| (5) 

for the chiral field. Here, F{r) is the chiral angle which parameterizes the soliton. The collective rotation matrix A{t) 
is SU{3) valued. Substituting the configuration Eq.(||) into F yields (upon canonical quantization of A) the collective 
hamiltonian 

H = M.. + - ^) + ^^C, [sum - ^ + Ml - • (6) 

In Eq (^), and Qk are the moments of inertia in the pionic and kaonic directions, respectively, and the symmetry 
breaking strength (see Ref. Q for details). J denotes the spin operator while C2 [SU{3)] refers to the quadratic 
Casimir operator of SU{3). The eigenfunctions and eigenvalues of the collective Hamiltonian are identified as the 
baryon wavefunctions ^b{A) = {B\A) and masses ms- Due to the symmetry breaking terms in Tsb this Hamiltonian 
is obviously not SU{3) symmetric. As shown by Yabu and Ando |^ it can, however, be diagonalized exactly. This 
diagonalization essentially amounts to admixtures of states from higher dimensional SU (3) representations into the 
octet ( J = i) and decuplet ( J =_J) states. This procedure has proven to be quite successful in describing the hyperon 
spectrum and static properties 
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III. RADIATIVE DECAY WIDTHS 



To study the hyperon radiative decays one has to introduce the electromagnetic field A^^ in the effective action 
described in the previous section. This is accomplished by replacing the usual derivatives 9^ appearing in Tsk and 
TsB by covariant derivatives. These covariant derivatives are defined as 

D^U = d^U + ieA^[Q,U] , (7) 

where Q is the electric charge matrix Q = (A3 + Xs/Vi)/2. In the case of Wess-Zumino action Twz, the gauging 
procedure is slightly more complicated since extra terms have to be added in order to ensure gauge invariance. Details 
of this procedure as well as the explicit form of the gauged Wess-Zumino action can be found in e.g. Ref. The 
resulting gauged effective action can be cast in the following form 

^gauged ^Y + e f d^x J^^ + ( d^x A,, G^" A, , (8) 



where J^™ is the hadron e.m. current and G^'^ is a tensor which is responsible, for example, of the seagull contributions 
to the hadron polarizabilities. For the calculation of the radiative decays only the second term in Eq.(|^) is relevant. 

For the e.m. decays of the decuplet hyperons we are interested in both Ml and E2 transitions are allowed. The 
corresponding partial widths can be expressed in terms of J^™ as 



675 2 
i^E2 = -^e q 



Tmi = ISe^q 
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(10) 



where q is the photon momentum and ji{qr) are the spherical Bessel functions. 

In our model, the general form of J^™ can be directly obtained from the gauged effective action. Using the ansatz 
Eq.(^) one can then get the explicit expression of the integrands in Eqs.(^ 10). These expressions can be found in 
Ref. |15|. It should be noticed that in deriving Eq.(^ some approximations according to the Siegert's theorem have 
been made. The impact of such approximations on the E2— A7V transition has been recently studied in the two flavor 
reduction of the model [ p^ . It turns out that the kinematical corrections coming from the low- momentum expansion 
of the Bessel functions are of the order of 5 %. In addition to this, pion fluctuations off the rotating soliton have to be 
included to consistently satisfy the continuity equation d^J^ = Q at subleading order in 1/Nc- These induced fields 
account for shortcomings in the collective quantization and give corrections of ~ 25% for the AA^ case. Unfortunately 
such an inclusion of induced fields seems to be unfeasible in the three flavor model with symmetry breaking included. 
In any case, since the decuplet decays are almost completely Ml-dominated, these uncertainties do not affect the 
total decay widths in any significant way. 

Results for the total decay widths are given in Table 1. There we list the corresponding widths normalized to 
the AA^ value. As in the case of magnetic moments, the calculated AiV transition amplitude turns to be roughly 
30% smaller than the empirical value. However, it has been recently shown that in the SU (2) model the inclusion of 
next-to-leading order quantum corrections solves not only the nucleon mass problem, but also that of the magnetic 
moments 0. Similar improvements are expected in the present model. From Table 1 we observe that the predictions 
of the present model are very similar to those of quark-based models. In particular, in both types of models the 
[/—spin selection rules that predict small Yj*~ jT,~ and S*~ — > 7^" are rather well satisfied. 



Transition Tills model QM LATT. 

S*" ^ 7A 0.653 = 0.703 

S*~ ^ 7E- 0.007 0.007 0.006 

S*o ^ 'yE° 0.035 0.040 0.055 

E*+ 7E+ 0.210 0.233 0.303 

E*- 7H- 0.011 0.009 0.012 



H™ ^ 7=° 0.313 0.300 0.415 

TABLE I. Total decay widths normalized to that of the A ~» jN transition in various models. The data for the quark model 
(QM) and lattice calculation (LATT) are taken from Refs.[6,7j. 
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IV. NON-LEPTONIC WEAK DECAYS OF OCTET HYPERONS 



To describe the non-leptonic hyperon decays within the present approach we have to introduce a weak effective 
lagrangian. We use the form |l8) 

r^, = g Tr[X6 d^.Ud^U^] + g' Tr[X6 d^^Ud^U^ d^Ud'^U'^] + g" Tr^ df.UdM'' d'^Ud'^U''] (11) 

It should be noticed that this is not the most general lagrangian one can write down up to fourth order in chiral 
counting. This general form has been given in e.g. Rcf. p9| . As well known, to second order there is an extra 
AI — 3/2 term. Such AI — 1/2 rule violating contributions, which also appear in next-to-leading order, are known 
to be small. Consequently, they are neglected in what follows. Still, for the decays we are interested in (no e.m. 
fields) there are 15 independent terms of fourth order. However, to fit the known data on if — > tttt and K —>■ tttttt, 
and assuming complete octet dominance, it is enough to consider only the three terms included in Eq.([Tl|). Since in 
the meson sector no other empirical information is available to determine the low energy constants of a more general 
effective weak lagrangian we will just concentrate on the form given in Eq.(|ll|) and neglect the remaining possible 
terms. 

In our calculations we will consider the set of values |l^ 

5 = 3.6xl0"^m2 ; g' /g^ 0.15 fm^ ; g" /g ^ -0M7 fm^ (12) 

for the constants g, g' and g" . Slightly different values are obtained from the fit done in Ref. |^^. However, since 
both sets of parameters lead essentially to the same predictions for the hyperon decay amplitudes we will report here 
only those obtained using the values (p^. 

To calculate the hyperon decays in the context of the collective coordinates SU (3) Skyrme model we should include 
the soft meson fluctuations on top of the soliton background. This is achieved using 

U = ^/U^i Uo{r,t) yUTi (13) 

where Um = I + i f ■ Tr/fjr + .... Inserting Eq.(p^) into C^, expanding the resulting expression to linear order in the 
pion field and taking the appropriate matrix elements one can finally obtain the corresponding S'-wave and P-wave 
decay amplitudes. This is worked out in detail in the following two sections. 



A. S-waves amplitudes 



The S'-wave amplitude A for the process B B'n is obtained by inserting Eqs.(||) and 
matrix elements of the terms linear in tt. For the decay amplitudes with ttq emission one gets 

A{B^B'tto) = Io <-i'B'\DTs\'i>B> (14) 

where Iq is a radial integral which depends on the soliton profile and the constants g, g' and g" . Its explicit expression 
has been given in Ref. ||l^. In Eq. (p^ , Dab represents the SU{3) rotation matrix Dab — 1/2 Tr [XaAXbA^. Its 
matrix elements between the collective wavefunctions corresponding to the different baryon states can be expressed 
as linear combinations of SU{3) Clebsch-Gordan coefficients and, therefore, they can be easily calculated. Similar 
expressions are obtained for the decays in which charged pions are emitted. 

The results are summarized in the Table 2. Also listed in that table are the results of the quark model In 
general our values are somewhat below those of the QM. However, in comparing with the empirical results we see 



13) in Cw and taking 



Transition This model QM Emp 

A" riTTo -1.63 ^L5 -2.37 

E+ ^ pTTo -2.48 -3.8 -3.27 

E" n-K- 3.50 4.2 4.27 

H° ^ Atto 2.37 3.1 3.43 

E+ ^ n7r+ 0.13 

TABLE II. Calculated S-wave non-leptonic hyperon decay amplitudes as compared with the empirical values. For comparison 

we also list the results of the quark model (QM) taken from Ref. [8]. All values should he multiplied by 10^^. 
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that they are of similar quahty. As in the case of the radiative decays it is interesting to consider the ratio of 
amphtudes taken with respect to one of them. For those ratios the agreement between the calculated and empirical 
values is indeed quite good. The vanishing value of — > ri7r+) is a direct consequence of the octet nature of the 
Lw we are using. As already mentioned there are, in general, extra terms that transform as 27-plets under flavor 
transformations. Those terms will be responsible for the small violation of the A/ =1/2 rule observed in the empirical 
values. 

B. P-wave amplitudes 

We turn now to evaluation of the P-wave amplitudes B. In the non-relativistic approximation they are defined by 

^x\}!)5-qx[\) (15) 

where q is the pion momentum, a the spin operator and M is the average baryon mass. In the present model B 
receives two types of contributions ||l^. One is a contact contribution (see Fig. la). The other type of contribution is 
given by the three pole diagrams shown in Figs.lb-ld. 



TT TT TT / 



f o 



K . 



< — - — o — — o — - — 

B B B" B' B B" B' B B' 
^B' 

(a) (b) (c) (d) 



FIG. 1. Diagrams contributing to the P-waves decays. Dtagram (a) represents the contact contribution. Diagram (b)-(c) 
are the baryon pole contributions. Diagram (d) is the kaon pole contribution. 

The contact contribution to the P-wave amplitude is obtained by replacing Eqs.(|5[ |l^) in Cw and taking matrix 
elements of the terms proportional to 9^7r. For example, for the amplitudes with ttq emission one finds 

BcontactiB ^ P'tto) = '^(^B + ^B') ^ ^ | ^^^^^^ ^ /aDgs^sa + hDeiDss) > (16) 

where Mb and Mb> are the masses of the initial and final baryons, respectively. Ji, I2 and I3 are radial integrals of 
rather involved functions of the soliton profile F{r) which also depend on the constants g, g' and g" . Their explicit 
expressions can be found in Ref. pl||p]. 

On the other hand, the total pole term contribution to those processes is 



Bpole{B ^ B TTo) - 2_, 



,B'B" 



Mb-Mb" Mb' - Mb" 



(17) 



In deriving Eq.(|l7|) we have dropped a negligible small K pole term contribution (Fig. Id) and made use of the 
generalized Goldberger-Treiman relations to relate the strong coupling constants to the axial charge. In the present 
model the axial charge operator has been given in Ref. P3| . 



^We believe that some of the expressions given in the erratum of Ref. |l^ contain errors and/or misprints. 
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The numerical results for the B amplitudes in which a neutral pion is emitted are given in Table 3. We observe that 
our predictions fail to reproduce the empirical decay amplitudes. The same happens for the charged pion amplitudes. 
In this sense, the situation is similar to that of other models such as quark models or heavy baryon chiral perturbation 
theory. For comparison some typical results of this latter approach are also listed in Table 3. They correspond to a 
lowest order chiral calculation. Next-to- leading order calculations do not improve the situation ||^. It is important 
to note that in our model the pole contributions are, in general, the result of a rather strong cancellation between 
the two (large) baryon pole contributions (Figs.lb-lc). Consequently, they appear to be very sensitive to the details 
of the model. In fact, something similar happens in the alternative baryon model calculations. As for the contact 
terms we observe that they are small and, therefore, do not contribute very much to explain the observed P-wave 
amplitudes. 



V. CONCLUSIONS 



In this contribution we have presented some results for the radiative decay widths of the decuplet hyperons and the 
non-leptonic decay amplitudes of the octet hyperons in the context of the collective coordinate approach to the SU (3) 
Skyrme model. We have found that, when normalized to that of the AN transition, the predictions for the radiative 
decay widths are qualitatively similar to those of alternative quark based models. On the other hand, the calculated 
AN transition amplitude turns to be roughly 30% smaller than the empirical value. In the context of the SU{2) 
Skyrme model it has been shown however, that the inclusion of next-to- leading order quantum corrections solves 
this problem. In the SU{3) model such corrections have been already included in the evaluation of the baryon masses 
and corresponding results for the radiative decays widths will be available soon. In any case, it is important to 
stress that they are not expected to affect the ratios of decay amplitudes presented here. The situation concerning the 
non-leptonic weak hyperon decays is, unfortunately, not very satisfactory. Although we find that the model provides 
a rather good description of the empirical S'-wave decay amplitudes, it fails to reproduce the observed P-wave ones. 
In particular, the contact contributions to the P-waves are not sufficient to explain the discrepancies between the 
pole contributions and the empirical values. Thus, in contrast to previous expectations within the present 

approximations the Skyrme model does not seem to provide a solution to the long-standing 'S'-wave/ P-wave puzzle' 
which affects the available model calculations. 
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TABLE III. Calculated P-wave non-leptonic hyperon decay amplitudes as compared with the empirical values. For comparison 
the results of a lowest order chiral fit taken from Ref.[23] are also listed. All values should be multiplied by 10~ . 
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